Resonances at RHIC:
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» Accomplishments
+ What is next...
- Motivations
» What is needed...
- Simulations
* Summary
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Accomplishments

Observed resonances

Resonance Yields = Interactions between chemical and
kinetic freeze-outs = time estimation

Resonance Nuclear Modification Factor =
Discriminating between baryon/meson or mass effect

Resonance Elliptic Flow v, = Information resonance
production mechanism in the hadronic phase

Resonance mass shifts = Possible medium modification
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Observed resonances
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‘ Observed Resonances = pp, dAu, Au+Au

f,(1270) — m* m B.R. 0.85
p9(770) > m* - B.R. ~1

A+*(1232) —» p m* B.R. ~1

fo(980) —» m* m-  BR.2/3
K0+(892) - m K B.R.2/3
>(1385) > Am B.R.0.88
AN(1520) - pK B.R. 045
$(1020) —» K* K- B.R.0.49
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ct = 1.1 fm
ct =13 fm
ct = 1.6 fm
ct =26 fm
ct =4 fm
ct =55 fm
ct = 12.6 fm
ct = 44 fm
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Resonance Yields
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Resonance Yields - I

If resonance decays before
kinetic freeze-out = not
K* reconstructed due to
measured rescattering of daughters

K™ (ct = 4 fm) survival

Icl><s'r probability = time between
chemical and kinetic freeze-out,
source size and p; of K™©
Chemical freeze-out = elastic

: - K* interactions K - K©— nK
Chemical Kinetic  measured  regenerate K*0(892) until kinetic
freeze-out freeze-out freeze-out

\ 4 \ 4
KO . KO, » K'%/K estimate time between
—- Inpp — in Au+Au chemical and kinetic freeze-out

K- K-
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Resonance Yields - IT
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Boss| s K (ct = 4 fm)
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'_E e e Thermal W. Broniowski et al., nucl-th/0306034
So.3s- process = At ~ 3 fm
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oash + + K™ process = At > 3 fm
o 25 . + K- + J. Adams, nucl-ex/0412019 to be published PRC
“E \s,, =200 GeV . -
0_15:..|‘...\ | Ll L T BlGST-WGV@'ﬁTTO‘nt,Kt,p,andp
-_20.26:— @ ¢/K Au+Au STAR Preliminary —- A'l' > 6 fm
] - " p+ relimina
02 - Trema ) Sach, SCH200 J. Adams, Phys. Rev. Lett. 92 (2004) 112301
%0-22;— - Thermal W. Broniowski et al., nucl-th/0306034 : ams, YS. ev. Leit. ( )
= 0.2 .
So1a- ® (¢t = 44 fm) = Rescattering
0165 | l l lllllllll and regeneration negligible =
pop i | [rro——— [ agreement thermal model
0.1 - ®/K- independent centrality = &
0.08- \s,, =200 GeV K- .
S not produced via coalescence
O 100 200 300 400 500 04N dn J. Adams, nucl-ex/0406003 to be published PLB
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Resonance Yields - ITT

* Transport model calculation = UrQMD
* Good agreement of the K*°/K- ratio behavior as a

function of N,

0.5
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= K*/K" in Minimum Bias pp
B K*/K in Au+Au
—K*/K x 0.6 in UrQMD

=

\IS_NN =200 GeV

0
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Resonance Nuclear Modification Factor ‘
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Nucl. Mod. Factor

Resonance Nuclear Modification Factor

J. Adams, nucl-ex/0412019 to be published PRC

rrrrprrerpre e et
—J— R, 10%/p+p K*

—— R, 10%/50-80% K
£ R, 5%/60-80% A

Au+Au |
\/SNN = 200 GeV

—5— Rp 5%/60-80% Ks

—
LI |
-

3

3.5 4

p; (GeV/c)

| K* daughters rescattering at low py |
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Nuclear modification factor
= difference K and A =
baryon/meson or mass
effect ?

K*R,s and Rpp =
intermediate pr =
distinguish the two effects

- K*(892) = meson
- K'(892) = mass closer to
A mass
K*R,,and R =
intermediate pr = closer to

Ks than A = evidence for
baryon/meson effect
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Resonance Elliptic Flow v,

BROOKHFEVEN .. ..
NATIONAL LABORATORY Patricia Fachini

11



Resonance Elliptic Flow v,

Ks® and A v, = scale number
constituent quarks = v,/n

Resonance v, =
C. Nonaka et al., nucl-th/0312081

-mK>K =>n=4

- qgq—>K =n=2
Significant K° and & v,
measured
Fitting K0 v, to

X. Dong et al., nucl-th/0403030
an

1+ exp[-(py/n - b)/c]
a, b, ¢, and d = constants

dn

Vo(pr.n) =

—~ 40 *
& f *K° STAR Preliminary
> 30§_l¢ \IS_NN:200 GeV
o5f 40
E v KS | l
20
- o h ‘#7
15/ T
10§—
0_!:? Statistical error only
i ST R | | L
50 1 2 3 4 5

p; (GeVic) .

J. Adams, nucl-ex/0412019 to be published PRC
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6 extracted using Ksand A v,
KOv,=> n=32+2
Need more statistics |
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Resonance mass shifts
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Resonance mass shifts - IT
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p° mass p, dependent and
lower than previous pp
measurement in both pp and
peripheral Aut+Au collisions

p® mass high multiplicity pp
lower than minimum bias pp
= multiplicity dependent

peripheral Au+Au collisions
at /sy = 62 GeV and dAu at
Jsyn = 200 GeV = similar
shift

Systematic errors =
common and correlated for
pp and peripheral Au+Au

p® width = no sensitivity

for systematic study y



Phase SPaCe
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Phase Space = Transport Model = UrQMD ‘

M. Bleicher, SQM2003
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100E oo
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Invariant Mass (GeV/c 2)

M. =769 MeV/ CgTOIS Invariant Mass (GeV/c 2)
p

Ly [T I
0.8 1 1.2 1.4

UrQMD = Only imaginary part = No medium modification
Central Au+Au = p0 mass shifted ~30 MeV at low p;

p0 shape reproduced by p-wave Breit-Wigner x Phase Space

- M,=765.6 £+ 0.4 MeV/c?for 0.2 <pr<0.4 GeV/c
- M, =7612+09 MeV/c?for 1.2 <py<1.46GeV/c
- M, =769 MeV/c? input
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| Possible Explanations Mass Shift |
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Resonance mass shifts - ITI

« 1. Medium modification

R. Rapp, Nucl.Phys. A725, 254 (2003), E.V. Shuryak and G.E. Brown, Nucl. Phys. A 717 (2003) 322

+ 2. Interference
R. Longacre, nucl-exp/0305015

- 3. Bose-Einstein correlations
G.D. Lafferty, Z. Phys. C 60, 659 (1993); R. Rapp, hep-ph/0305011; S. Pratt et al/, nucl-th/0308087

Interference and Bose-Einstein correlations DO
NOT account for the mass shift in high multiplicity
pp, dAu, and peripheral Au+Au = possible medium

modification of p°
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What is next for Resonances...
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What is next for Resonances...

- VYields |
- Nuclear Modification Factor
+ Elliptic Flow v,

* Mass

- Width

in Au+Au for
all observed
resonances

» Centrality dependence all the above,
* Leptonic channels = &, p° and w

» Comparison hadronic and leptonic channels in Au+Au

-® > ereand @ > K* K-

-p% > eteand p® > T
Different resonances and channels
- a;, 0(500), ...
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Motivations
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Motivation - I

* Medium modification of mass and/or width = Chiral Symmetry
Restoration, Collision Broadening and/or Phase Space?

R. Rapp and J. Wambach, Adv. Nucl. Phys. 25, 1 (2000); 6. E. Brown and M. Rho, Phys. Rev. Let. 66 2720 (1991);
P. Braun-Munzinger, GSI Internal Report

. T Owith th& M_ #iroppin T
near thé chirdl phas PPIng D .
transition of\drge fivor” _ 0 0 T
QCD = vegidr Mmanifestation n
(VM) o
- VM = & ar Tc in hot
and dense majter ™ ¥
M. Harada and K. Yamawaki, Pays. Rept. 381, 1 (2003)
PPz 1:3Hm
* Leptonic decay channel = probes all stages of the collision
* Hadronic decay channel = probes oe stages of the collision
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Motivation - IT

® = information from early fime = sensitivity to changes in Kaon
mass

® = medium modification = change in the yield & — e*e- and

® —> K* K-

®ct=44 fm

Chiral Symmetry Restoration
- medium modification a; spectral shape = compare p°® — e*e- and
a; > YTt —> ete” Mt
- medium modification a(500) spectral shape = o(500) —» vy vy
R. Rapp
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What is needed...

BROOKHILUVEN

NATIONAL LABORATORY

Patricia Fachini

24



dE/dx (KeV/cm)

What is needed... - I

J. Adams, nucl-ex/0412019 to be published PRC

* More Statistics = obvious = but not enough!
* Cleaner particle identification = improve particle

misidentification

12p _ 12004191 Minbias Au+Au at /sy = 200 GeV
5 ' *** — e Mixed-Event (Allp ) ]
10 STAR TPC 1m0 s ﬁﬁﬁ — @ Like-Sign (Al p ) 7
i O
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K= Inv. Mass (GeV/c?)

= Need Ti}i?é‘ocbﬂeﬁliéh‘l' (TOF) full coverage in STAR

NATIONAL LABORATORY

Patricia Fachini

25



What is needed... - IT

Energy loss dE/dx (keV/cm)

J. Adams eft. Al Phys. Rev. Lett. 94, 062301 (2005)

6
5 103k 1.0<p/(GeV/ic)<1.5
4
3 12
p) i - 5 102} -
e | = | 1 @]
s | TOFr d+Au @ 200 GeV TPC - O
" e - [1/B-1]<0.03 - )
4 - 4 .' —.‘:‘--:--:1';:‘_ g WE e BuE 2 B
e !E;:‘I-‘-'?'-_-- > .

3 =L

- 1 _
2 B ] W " | |

0 0.5 1 1.5 2 2.5 3 o 3 4

Particle momentum p (GeV/c) dE/dx (KeV/cm)

TOF = Clean PID = m, K, and p
TOF = Clean PID = low momentum electrons i
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What is needed... - ITT

+ TOF full coverage
- 1, K, and p up to ~6GeV/c
* Resonance at high-p+
» Signal/Background ratio increases
- low momentum electrons
* Low-mass dileptons at low py
* Calorimeter = only electrons py> 2 GeV/c

Better understanding m* m- combinatorial background
= important for p°© — m* 7" in central Au+Au

- TOF = little improvement on the p — m* -
measurement
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What is needed... - IV

Background Rejection
- Time Projection Chamber - TPC
- Time of Flight - TOF
- Silicon Vertex Tracker - SVT
- Heavy Flavor Tracker - HFT |
= see Kai Schweda talk on Saturday
- Examples
*d > e*e,p? > ee,andw > e'e” =
background y — e*e-
*q; > YTt — e*e” mt = background & —» e*e-, pY
— e*e”, and w > e‘*e-
» Simulations

\

b = Combination
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Simulation - I

Estimation for number of events to measure ® —» e*e- and
w — e*e” with 30 signal in central Au+Au collisions

Detectors w o
TPC+TOF 8M | 2M sy = 200 GeV
TPC+TOF+SVT+HFT | 200K | 100K
10° 3 T I T T E
= background y — e*e- ?Oooooo% yoee| ome
-ﬂam OOOOQO A TPC+SVT
o 10° ? ﬂm@wﬁﬁﬁl Ioooooo 02 o, o TPC+SVT+HFT 73
Y conversion rejection § %‘*ﬁx&w%%%%%q) !
& ¢ T + ¢¢ Prs
ol g G
= see Kai Schweda talk f T j éi\

bt )

on Saturday

0 1 2 3 4 5
_ Transverse Momentum (GeV/c
BROOKHEVEN ( )

NATIONAL LABORATORY Patricia Fachini 30



Simulation - IT |

Transport Model Calculations = UrQMD

a; > ym* BR. =01 2s000
a, > P BR =09 E E — UrQMD Producedla1
© 20000 —— UrQMD Observed]a,
Mass = 1.230 6eV/c2  § Normalized »1/
=400 MQV/CZ §15m0—_
- a; > Yy
10000| Y
UI"QMD - a; > y T
minimum bias Au+Au 5000/ - Q> pm
GT \/.SNN - 200 Gev B J
% o5 T s 2 25 3

Invariant Mass (GeV/c 2)

= a; hot absorbed = ~5% a; produced
= a; not absorbed = 80% a; > ym*tand 20% a; > pm
= significant change in the spectral shape
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Simulation - TIT

12000 o =
> - —— UrQMD Produced h, | 3 1000— — UrQMD Observed a,
fmuuo:— —— UrQMD Observed h, g_ -
g - Normalized 3 800| —— UrQMD Observed h,
S 8000 % -
° - 600
6000:— -
- 400
4000/ B
- 200|—
2000/ B
- o
% o5 1 15 2 553 B Y- T - Sy S
Invariant Mass (GeV/c 2) Invariant Mass (Ge\ﬂcz)
hy > 3m BR. =01 UrQMD
hy>pm BR.= 02-9 minimum bias Au+Au
Mass = 1.170 GeV/c at Vs = 200 GeV
M= 360 MeV/c2

= h; not absorbed = ~3% h, produced
= significant change in the spectral shape
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Simulation - IV

Number of events for 30 signal a; — y m* in minimum bias Au+Au
Background = y m from Hijing

=x10

Hijing = no a; but m0— 2y % 1o
Hijing minimum bias Au+Au £ [
at ‘/-SNN = 200 GeV p|US g 80— —— v |t background from Hijing
detector simulation 8
— Y — e'e” conversion i 30
sl >
Efficiency of measuring [
photon via conversion 2
= e‘e" > y=>~b% DI s
0 0.5 1 1.5 2 25 3

Invariant Mass (GeV/c 2)

— 30 signal a; —» y 1t = 54M events |
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Summary

Accomplishments from resonance measurements =
Resonances can provide information collision dynamics

Future...

- Improve measurements
- Leptonic channels
- Comparison hadronic and leptonic channels

- Different resonances and channels

Need...

- TOF full coverage and HFT

- Better understanding combinatorial background
Number of events for &, w, and a; = 30 signal
More detailed simulations needed
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